I
nfant formulas are widely used in addition to or as substitutes for human milk. Therefore, the ingredients in the formulas have a great influence on an infant's metabolism and tissue composition (1) . Infant formula is the most highly regulated consumer food product on the market today. The Infant Formula Act of 1980, PL-96-359 (2), requires that formula contain minimum and, in some cases, maximum amounts of specific nutrients. Presently, the amount of the added essential fatty acid, linoleic acid (C18:2n-6), in infant formulas seems to be adequate for the healthy growth of infants. However, recent findings (3) indicate that long chain polyunsaturated fatty acids (LCPUFA), particularly arachidonic acid (C20:4n-6, AA) and docosahexaenoic acid (C22:6n-3, DHA), are also important for the growth and development of infants. A recent report by Ratnayake et al. (4) indicated that trans fatty acids formed during manufacture of infant formulas may interfere with the formation of these LCPUFA.
The U.S. Food and Drug Administration has established a series of quality control procedures to ensure that infant formulas contain the necessary nutrients at levels required by the Act (5) . Although there are AOAC Official Methods of Analysis for most of the nutrients in infant formulas, there is currently no AOAC Official Method for fatty acids and trans fatty acid analysis in infant formulas. For this reason, AOAC Official Method 996.01 (6) was extended to the analysis of milk-based infant formula Standard Reference Material (SRM)1846 in anticipation that this method can be used for the analysis of total fatty acids, including trans fatty acids in infant formulas. Following the analysis of SRM 1846, a milk-based liquid infant formula and a soy-based powdered infant formula were analyzed and the results are reported. A soy-based infant formula SRM is not yet available.
METHOD

Principle
Quadruplicate samples of SRM 1846 and duplicate samples of infant formulas were digested with hot HCl and the lipid was extracted with ethyl ether and petroleum ether. The extracts were converted to fatty acid methyl esters (FAME) by methanol in the presence of boron trifluoride. FAMEs of individual fatty acids and trans fatty acids were analyzed by gas chromatography (GC). Total fat was calculated as the sum of individual fatty acids expressed as triglycerides in accordance with the nutrition labeling guidelines. IN) for NIST. The SRM was manufactured by preparing a spray-dried formula base containing fat (5.25 ± 0.12 g/100 kcal), protein (2.153 ± 0.073 g/100 kcal), carbohydrate (11.10 ± 0.21 g/100kcal), and minerals, and then combining this formula base with dry-blend vitamin premix.
(b) Infant formulas.-Purchased locally and for term infants. The ingredients of milk-based infant formula are as follows: water, enzymatically hydrolyzed reduced minerals whey protein concentrate (from cow's milk), vegetable oils (palm olein, soy, coconut, high-oleic safflower), lactose, corn maltodextrin, minerals, and vitamins. Nutrient contents are as follows: protein, 2.4 g/100 kcal; fat, 5.1 g/100 kcal; carbohydrates, 11 g/100 kcal. (f) Add 30 mL mixture of ethyl ether and petroleum ether (1 + 1) to bottom layer and shake for 1 min.
(g) Allow to stand for 5 min and transfer top ether layer to the fraction in step (e). Add another 30 mL ether-petroleum ether mixture (1 + 1) to bottom layer, shake for 1 min, and let stand for 5 min. Add top ether layer to the fraction in step (e).
(h) Filter the pooled ether layer through fat-free glass wool packed firmly enough in stem of funnel to allow free passage of ether into 125 mL Erlenmeyer flat bottom flasks containing boiling chips.
(i) In a ventilated hood, evaporate ether to near dryness on a steam table under a stream of nitrogen.
Sample Methylation
(a) Add 10 mL methanolic NaOH to the extracted fat from step (i), Sample Extraction. Attach Erlenmeyer flasks to a water-cooled condenser, seal joint with methanol, and heat. Reflux for 10 min.
(b) Add 10 mL BF 3 reagent through top of condenser and reflux for additional 5 min.
(c) Add 10 mL n-heptane through top of condenser. Continue to reflux for additional 1 min.
(d) Remove Erlenmeyer flask from heat. Allow flask to cool (Note: Allow flask to cool to room temperature before removing from condenser.)
Transfer the entire contents into a 50 mL glass cylinder. Rinse the flask with 5 mL NaCl solution. Rotate flask gently several times before transferring washes to the measuring cylinder. Mix contents of the tube well by shaking gently and allow layers to separate. Upper layer which contains the fatty acid methyl esters in n-heptane is used for fatty acid analysis.
Chromatographic Conditions
The following operating conditions were used: Temperature, injector 250°C and detector 250°C; temperature was programmed from 120°C for 5 min and increased to final temperature of 240°EC at the rate of 4°C/min for 30 min. It was kept at the final temperature for 25 min. Carrier gas (hydrogen) flow rate: 1 mL/min. Split ratio 20:1. Hydrogen linear velocity 28.5 cms/s at 120°C. 
Calculations
where Ai = peak area of individual FAME in the standard, Wt13:0 = weight (mg) C13:0 in the standard, A13:0 = peak area of C13:0 FAME in the standard, and Wti = weight (mg) of individual FAME in the standard. (b) GC calculations.-Calculate the amount of individual fatty acid (Fi) in each test sample (as corresponding methyl ester) according to the following equation:
where Ai = peak area of the individual fatty acid in test sample as FAME; Wt13:0 = weight (mg) of internal standard C13:0 in test sample; A13:0 = peak area of internal standard, C13:0 in test sample; and Ri = response factor for each fatty acid. Calculate the amount of individual fatty acid as the corresponding triglyceride, Fi TG according to the following equation: Ratio n-6/n-3 9.20 9.60 9.40 0.28 9.10 9.20 9.20 0.07 Fi TG = (Fi)(F TG )
where F TG = theoretical conversion factors from FAMEs to their corresponding triglycerides (Table 2, F TG ) . Calculate the amount of individual fatty acid as the corresponding fatty acids, Fi FA according to the following equation:
where F FA = theoretical conversion factors for conversion of FAMEs to their corresponding fatty acids ( Table 2, 
Results and Discussion
The composition of the FAMEs in the standard fatty acid mixture is shown in Table 1 and a gas chromatogram of FAMEs of the same standard mixture is shown in Figure 1 . Gas chromatograms of FAMEs of cis/trans mixture of linoleic acid and linolenic acid are shown in Figures 2 and 3 , respectively. Analyzed values for individual fatty acids in SRM 1846 are shown in Table 3 and a gas chromatogram of FAMEs is shown in Figure 4 . The values were highly reproducible as indicated by low coefficients of variation (CV). The CVs were <5% for the major fatty acids. Mean analyzed values for fatty acids in SRM 1846 were within ± 1 standard deviation (SD) of the reference values with the following exceptions: analyzed values for C18:1 were significantly lower (analyzed value, 49.86 ± 1.8 mg/g versus reference value, 60.0 ± 1.5 mg/g) and those for C18:1trans were significantly higher (analyzed value, 51.82 ± 2.5 mg/g versus reference value, 40.0 ± 5.4 mg/g) than values reported in the Certificate of Analysis for SRM 1846. These differences may be due to the use of different chromatographic columns and parameters during the analyses used to obtain the certificate values. Under different analytical conditions, some of the C18:1trans may coelute with C18:1, resulting in a higher value for the latter. The analyzed value of total fat as triglycerides (26.27 ± 0.25 g/100 g) agreed well with the Certificate of Analysis value of 27.1 ± 0.59 g/100 g. The analyzed values for major fatty acids and total fat are between 91-105% of the reported values.
The analyzed values for fatty acids in a milk-based liquid and a soy-based powdered infant formulas are shown in Table 4. A chromatogram from a GC analysis of a milk-based infant formula is shown in Figure 5 and a chromatogram from a GC analysis of soy-based infant formula is shown in Figure 6 . The results show that there were no significant differences in fatty acid composition between the 2 infant formulas. All 3 C18trans isomers (18:1trans, 18:2trans, and 18:3trans) are present in both formulas. In milk-based liquid infant formula, total trans fatty acid content (mean ± SD) was 0.68 ± 0.06%, compared with 0.62 ± 0.06% in soy-based powdered infant formula. In milk-based liquid infant formula, the analyzed value for total fat was 5.0 ± 0.0 g/100 kcal and that for soy-based powdered infant formula was 4.40 ± 0.06 g/100 kcal. These analyzed values were 98 and 101% of the values provided on the product labels (5.1 and 4.4 g/100 kcal for milk-based and soy-based formulas, respectively). In milk-based liquid infant formula, the analyzed value for 18:2n-6 content was 958.5 ± 0.71 mg/100 kcal, while that for soy-based powdered infant formula was 939 ± 11.31 mg/100 kcal (mean ± SD). Both infant formulas satisfy the requirements for a minimum of 300 mg/100 kcal linoleic acid and 3.3-6.0 g/100 kcal fat in such formulas (8) .
